We have synthesized a novel ellipticine analogue, 7,8,9,10-tetrafluoroellipticine, in nine steps from hexafluorobenzene and ethyl cyanoacetate, via 1-(phenysulfonyl)-4,5,6,7-tetrafluoroindole. The key step is lithiation of the indole and subsequent coupling with 3,4-pyridinedicarboxylic acid anhydride to afford a ketolactam. Reaction of the lactam with methyllithium followed by reduction with sodium borohydride yields 7,8,9,10-tetrafluoroellipticine.
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Introduction
The synthesis and biological evaluation of substituted ellipticine (5,11-dimethyl-6H-pyrido [4,3-b] carbazole) derivatives has been of intense interest for several decades. [1] [2] [3] Notably, ring-A substitution can have a major impact on the biological activity of ellipticine (1a). [4] [5] [6] [7] [8] [9] [10] [11] The prototypical example is 9-hydroxyellipticine (1b), which has a high affinity for DNA, high activity against L1210 mice leukemia, and low toxicity at a therapeutic dose. 12 Of special interest is 9-fluoroellipticine (1c), which inhibits aryl hydrocarbon hydroxylase without inducing mutagenicity. 13, 14 In continuation of our synthetic efforts in this area, we now report the synthesis of the novel 7,8,9,10-tetrafluoroellipticine (2); the method is illustrative of its versatility in the construction of pyridocarbazoles. [15] [16] [17] This ellipticine analogue seemed to be an attractive target given the profound biological effect that fluorine has both on ellipticine (i.e, 1c) and in other biological molecules. [18] [19] [20] [21] [22] [23] [24] Thus, tetrafluorination should both increase the acidity of the NH and mitigate against metabolism of this ring. Moreover, the basicity of the pyridine nitrogen should be decreased by the strongly electron-withdrawing ability of multiple fluorines. 
Results and Discussion
Our synthesis of 2 is summarized in Schemes 1 and 2. Our first goal became the synthesis of 4,5,6,7-tetrafluoroindole (8), which was first synthesized by Brooke in 1967. 25 The low yield from this procedure precluded its use here, so we adopted a method described by Petrov 26 and later by Filler. 27 Cyano-ester 3 was prepared by condensation of hexafluorobenzene with the anion of ethyl cyanoacetate to give ethyl α-cyano-(pentafluorophenyl)acetate (3) in 52% yield (Scheme 1). Hydrolysis and decarboxylation was achieved in refluxing acid to afford 2,3,4,5,6-pentafluorophenylacetonitrile (4) in 82% yield. Whereas Filler reduced the nitrile 4 to amine 5 using catalytic hydrogenation, 27 we employed sodium trifluoroacetoxyborohydride as reported by Umino, 28 which led to 2-(pentafluorophenyl)ethanamine (5) in 67% yield. Subjecting amine 5 to KF in hot DMF gave 4,5,6,7-tetrafluoroindoline (6) in 65% yield. Oxidation of indoline 6 to 4,5,6,7-tetrafluoroindole (7) using manganese dioxide as described by Filler proceeded only in 47% yield despite several attempts. Therefore, we protected the indole NH using lithium diisopropylamide followed by benzenesulfonyl chloride to give the desired 1-(phenylsulfonyl)-4,5,6,7-tetrafluoroindole (8) in 37% yield. The disappointing two-step yield of only 17% urged us to seek an alternative route to 8 (Scheme 2). 
Scheme 1
In the event, we treated indoline 6 with benzenesulfonyl chloride to give 1-(phenylsulfonyl)-4,5,6,7-tetrafluoroindoline (9) in 82% yield. Whereas oxidation to indole 8 failed using chloranil, N-bromosuccinimide worked beautifully to give 1-(phenylsulfonyl)-4,5,6,7-tetrafluoroindole (8) in 93% yield (Scheme 2). 
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Scheme 2
The key step in the final synthesis of 2 is the regioselective acylation of 2-lithio-1-(phenylsulfonyl)-4,5,6,7-tetrafluoroindole with 3,4-pyridinedicarboxylic acid (cinchomeronic acid) anhydride (10) . 29, 30 This sequence proceeded to give the keto acid 11 in 74% yield, after recrystallization to remove traces of the regioisomer. This material was directly hydrolyzed to keto acid 12 (90% yield) and, without purification, was cyclized to keto lactam 13 in hot acetic anhydride in 53% yield after recrystallization. Finally, treatment of 13 with methyllithium (2 equivalents) followed by work-up and treatment of the crude mixture of diols with NaBH 4 gave the desired 7,8,9,10-tetrafluoroellipticine (2) in 70% yield after flash chromatography. The overall yield of 2 from 1-(phenylsulfonyl)-4,5,6,7-tetrafluoroindole (8) is 25%. By comparison, our related synthesis of ellipticine from indole gave a yield of 54%. 15 Not unexpectedly, the proton NMR spectrum of 2 shows longrange, through-space coupling (3.7 Hz) between the C-11 methyl group and the C-10 fluorine.
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Experimental Section
General. Melting points were determined in open capillaries with a Büchi 510 melting point apparatus and are uncorrected. Infrared spectra were recorded on a Perkin-Elmer 599 instrument. 1 H NMR spectra were routinely obtained at 70 MHz with a Varian EM360A spectrometer, while 13 C NMR spectra were obtained with a Varian XL-300 spectrometer. Chemical shifts are reported in parts per million downfield from tetramethylsilane as an internal reference. Low-resolution mass spectra were determined on a Finnegan EI-CI gas chromatograph-mass spectrometer. Flash chromatography employed 230-400 mesh silica gel. Thin layer chromatography was performed on precoated (0.2 mm) silica gel 60 F 254 plastic sheets (E. Merck). Spots were visualized under 254 nm ultraviolet light. The alkyllithium reagents were purchased from Aldrich and were standardized by titration against diphenylacetic acid. Tetrahydrofuran was distilled from sodium metal/benzophenone, and diisopropylamine was distilled over sodium hydride. All reactions were performed in oven-dried (130 o C) or flame dried glassware under prepurified nitrogen or argon. . Ethyl α-cyanopentafluorophenylacetate (105.3 g, 397 mmol) was refluxed for 12 h in 50% AcOH (300 mL) containing H 2 SO 4 (conc., 10 mL). The mixture was then cooled to rt, diluted with an equal volume of H 2 O, stirred, and a viscous, dark layer settled to the bottom of the flask. The mixture was chilled in an ice bath, the top layer was decanted until the remaining mixture consisted mostly of the dark layer, which was then transferred to a separatory funnel, where the remaining water layer was removed. 
4,5,6,7-Tetrafluoroindole (7)
. A magnetically stirred mixture of indoline 6 (4.50 g, 23.5 mmol), activated MnO 2 (22.0 g), type 4A molecular sieves, and 190 ml of dry benzene was stirred for 60 h during which time the temperature was maintained at 20 o C, occasionally reaching 30 o C. After the mixture was filtered using Filtercell, the solid residue was placed in a Soxhlet apparatus and extracted with 300 mL of dry benzene for 7 h. The filtrate and the extraction liquid were then combined and concentrated in vacuo to yield a brown oil. The oil was then purified by chromatography over neutral alumina (25 g) 
1-(Phenylsulfonyl)-4,5,6,7-tetrafluoroindoline (9)
. A magnetically stirred solution of tetrafluoroindoline (6) (8.40 mg, 44.0 mmol) in aq NaOH solution (10%, 600 mL) was treated dropwise with benzenesulfonyl chloride (44.6 g, 0.264 mol, 33.7 mL) over 2 h at rt maintaining the temperature at ~2 0 o C with a cold water bath. Two more equivalents of benzenesulfonyl chloride (2 x 33.7 mL, 0.528 mol) were added over 8 h to drive the reaction to completion. NaOH (pellets, ~2 0 g) were also added to maintain a strongly alkaline solution, and the reaction mixture was stirred overnight to complete the hydrolysis of excess benzenesulfonyl chloride. The solution was then slowly acidified with 20% aq HCl (20%, ~5 00 mL) with adequate stirring and cooling, and the resulting aqueous mixture was exhaustively extracted with CH 2 Cl 2 (6 × 200 mL). The combined extracts were washed with 10% HCl (3 x 200 mL), 5% NaHCO 3 (1 x 200 mL), H 2 O (1 × 200 mL), brine (2 × 300 mL), and dried (Na 2 SO 4 ). Concentration in vacuo yielded 9 (11.98 g, 82%) as a bright orange product. )-4,5,6,7-tetrafluoroindole (8)  (a) from the indoline 9. A mixture of the protected tetrafluoroindoline 9 (7.95 g, 24.0 mmol), N-bromosuccinimide (4.28 g, 24.0 mmol), and benzoyl peroxide (0.60 g) in reagent grade CCl 4 (500 mL) was heated to reflux. After 12 h of refluxing, the reaction mixture was allowed to cool to rt, and then evaporated to dryness in vacuo. The residue was dissolved in Et 2 O (500 mL), washed with H 2 O (3 × 100 mL), aq NaHCO 3 (10%, 2 × 100 mL), and dried (Na 2 SO 4 ). The combined ethereal layers were then concentrated in vacuo to yield 9.24 g of a crude brown solid. C. The reaction mixture was then allowed to warm slowly to rt overnight, and then poured into aq NaHCO 3 (2%, 100 mL) and extracted with Et 2 O (2 × 100 mL). The combined ethereal layers were washed with 10% NaHCO 3 solution (2 × 100 mL), H 2 O (2 × 50 mL), brine (2 × 75 mL), dried (Na 2 SO 4 ), and concentrated in vacuo to yield 4.07 g of a crude brown oil that solidified. Recrystallization from Et 2 O gave 8 (1.02 g, 37%) as a tan powder in three crops, mp 126 o C. This material was identical to the sample prepared above by mp, 1 H NMR, UV and IR spectra. , 3100, 1690, 1555, 1505, 1490, 1450, 1340 C for 1 h, and was allowed to warm rt over 5 h. Distilled H 2 O (5 mL) was added the mixture was stirred for 15 min, and the THF was removed in vacuo to give a brown yellow residue. This material was immediately treated with absolute EtOH (100 mL), and excess NaBH 4 (5 pellets, ca. 1.25 g), and then refluxed with magnetic stirring for 18 h. The NaBH 4 was added in four portions during the 18 h reaction time. After 1 h, the reaction mixture became yellow, and was brightly fluorescent. The reaction mixture was then cooled, and the solvents were removed in vacuo. The resulting tan solid was dissolved in CHCl 3 (200 mL), stirred for 15 min, and then treated with distilled H 2 O (200 mL). The phases were separated and the aqueous portion was extracted with additional CHCl 3 (3 x 50 mL). The aqueous layer was then partitioned over fresh CHCl 3 (75 mL), and slowly acidified to pH 2-4 with 20% HCl, and then basified with aqueous 2 M NaOH to pH ~1 0. The aqueous layer was further extracted with CHCl 3 (1 x 100 mL), and the organic layers were combined, washed with H 2 O (1 x 150 mL), and dried (Na 2 SO 4 ). The compound was then absorbed onto silica gel in vacuo, and flash chromatography over silica gel (25 cm 
1-(Phenylsulfonyl
3,4-Pyridinedicarboxylic acid anhydride (10)
.
